Abstract -The genetic and phytosanitary certification has to guarantee the quality of the propagation material also in Citrus. Traditional methods can be assisted by the techniques of in vitro culture, which are fundamental for the mass production of high quality plants. The encapsulation technology represents an innovative tool to combine the advantages of micropropagation with handling ease, storability, reduced size of the propagules, mechanization potentiality, transportability of the gamic seeds. In this work somatic embryos obtained from in vitro anther culture of the cultivar Mandarino Tardivo di Ciaculli (Citrus reticulata Blanco) were encapsulated in a sodium alginate matrix and synthetic seeds were obtained. The conversion ability in non sterile conditions of the synthetic seeds has been evaluated and the addition to the artificial endosperm of the fungicide Thiophanate-methyl did not limit the further development into plantlets of the encapsulated somatic embryos sown on paper (control) and on perlite. A high level of viability has been observed and conversion in ex vitro conditions on substrates similar to those used in the traditional nursery structures (perlite and paper-filter) has been obtained.
INTRODUCTION
One of the goals of the nursery activity is to improve plant production systems through certification. The genetic identity, the health requirements, high productivity and the simplification of germplasm exchanges can characterise high-quality plant productions. Besides the "traditional" techniques (grafting and cutting), micropropagation, or in vitro propagation, seems to provide products, which combine genetic uniformity and massive production of high-quality plants. Nevertheless, some problems have to be considered in relation to the commercial employment of the clonal material; in particular the vitro-derived plantlets should be treated carefully during the acclimatization phase from the aseptic conditions to the nursery environments. Moreover, the use of micropropagated material seems to have some technical limitations, because it is not easy to store and to transport; further, vitro-derived plantlets can be exposed to the risk of deterioration and damage during the commercialization period. All these difficulties can be overcome by the encapsulation technology. In fact its products (capsules and synthetic seeds) combine the characteristics of the vitro-derived material and those of the gamic seeds, i. e., easy to manage, to handle, to store and to transport (Micheli et al. 2003) . Described in 1977 as "an encapsulated single somatic embryo" (Murashige 1978) , the original definition of the synthetic seed was limited to the use of a somatic embryo (bipolar propagule), contained in a covering matrix (Redembaugh et al. 1987) . A more current definition considers synthetic seeds as "artificially encapsulated somatic embryos, shoots or other tissues which can be used for sowing under in vitro or ex vitro conditions" (AitkenChristie et al. 1995) . This definition extends the concept of the synthetic seed to any type of vegetative propagule, such as meristematic apices, organogenic explants, apical and axillary buds (microcuttings), microbulbs, corms, microtubers and portions of roots. The product of the encapsulation process is a propagule (unipolar or bipolar) enclosed in a non phytotoxic matrix, to protect it from mechanical and physiological damages (such as dehydration) and from pathogens, and to provide all the nutrients (artificial endosperm) up to complete plant development. By the encapsulation technology it is possible to obtain capsules (containing unipolar propagules) for the exchange of high quality (genetic and health wise) germplasm between laboratories under aseptic conditions. When bipolar or unipolar propagules are used for the production of the synthetic seeds to develop the vegetative and rooting organs (conversion), the encapsulation can be employed to produce disease-free plantlets. The application of synthetic seeds technology implies sowing them in non sterile substrates (ex vitro) using traditional nursery structures. Citrus, a typical Mediterranean species and the most highly produced fruit worldwide in 2005 (data by FAO), is cultivated not only for food production, but also for the beauty of the plant or for the pharmaceutical use of different parts of the tree. This research has been carried out to study the possibility of obtaining the conversion of Citrus synthetic seeds sown on different substrates in non sterile conditions.
MATERIAL AND METHODS
Embryogenic callus has been obtained from in vitro anther culture of the cultivar Mandarino Tardivo di Ciaculli (Citrus reticulata Blanco) following the protocol reported by Germanà (2005). Somatic embryos were encapsulated, according to the procedure suggested by Standardi et al. (1999) , in sodium alginate solution (2.5% w/v), enriched with artificial endosperm composed of half-strength Murashige and Skoog basal medium (1962), supplemented with 0.25 g l -1 malt extract, 0.25 g l -1 ascorbic acid, 1 mg l -1 gibberellic acid, 0.02 mg l -1 naphthalenacetic acid and 6.8 g l -1 sucrose. Because preliminary studies showed the effectiveness of the addition of a fungicide to the artificial endosperm to control pathogen attack during the conversion of synthetic seeds of 'Mandarino Tardivo di Ciaculli' in non sterile conditions , 100 mg l -1 Thiophanate-methyl TM ® (Pestanal, Riedel-de-Haën) were added to the artificial endosperm. For the sowing, four treatments were evaluated by using Magenta® jars (7x7x7cm) containing: Treatment A: filter paper (Control); Treatment B: 50 ml of sterile perlite; Treatment C: 50 ml of sterile soil (Compo-Cactea®); Treatment D: 4 sterile "Jiffy-7 Pellets" (J7). The filter paper, the perlite and the soil were moistened with 10 ml of MS solution; each J7 was soaked in 50 ml MS solution. The caps of the jars were not closed hermetically in order to reproduce non sterile conditions. The treatments were arranged in a completely randomised design with 10 (treatments A, B and C) and 4 (treatment D) synthetic seeds per jar (Fig. 1) sowing of synthetic seeds of citrus reticulataand a photoperiod of 16 light hrs. After 45 days, viability (synthetic seeds showing a green colour with no necrosis or yellowing), regrowth (synthetic seeds exhibiting increased size and sprouting), rooting (synthetic seeds showing root formation) and conversion (synthetic seeds producing a complete plantlet) were evaluated. The SAS Statistical Analysis System (S.A.S. Inst. Inc., Cary, NC, USA) was used for statistical analyses. A GLM (General Linear Models) procedure was used using Duncan's test (P≤0,05).
RESULTS AND DISCUSSION
Synthetic seeds sown on filter paper (treatment A) and on perlite (treatment B) showed a statistically higher viability (respectively 96.7 and 100.0%) compared with the other two treatments (soil and J-7 Pellets) (Figure 2 ). Regrowth and rooting obtained by sowing on perlite (respectively 73.3 and 39.5%) were statistically higher than those registered in treatments C and D, while the conversion value registered on perlite (37.0%) was statistically higher when compared to the other three treatments. These results confirmed that it is possible to obtain the conversion in ex vitro conditions of Citrus synthetic seeds, as previously reported by Germanà et al. (2005) probably thanks to the effectiveness of Thiophanate-methyl fungicide in controlling contamination. Regarding the conversion ability, the Citrus encapsulated somatic embryos sown on filter paper and perlite showed quite satisfactory levels (respectively 25.5 and 37.0%). Unsatisfactory values were instead recorded for the soil, while all the synthetic seeds sown on J-7 became necrotic, probably due to the excess humidity of soaked peat.
CONCLUSIONS
These preliminary results indicate the possibility to obtain conversion of in vitro encapsulated somatic embryos of Citrus in non sterile conditions by employing a substrate, such as perlite, commonly used in traditional nurseries. In conclusion, the interesting future applications of Citrus synthetic seeds, for ex situ conservation and plant exchange, require further investigations on encapsulation technology also in this crop.
